The human major histocompatibility com-plex includes approximately 14 class II HLA genes within the HLA-D region, most of which exist in multiple allelic forms.
polymorphic alleles can be distinguished by alloantisera and monoclonal antibodies (mAbs) . Serologically, the DQ3.1,B molecule has a unique epitope, designated TA10 (6, 7) , which can be recognized by DQf4specific mAbs such as 159.1 and SFR20-DQp5 (8) . The DQ3.2,B molecule has an epitope not present on DQ3.1, recognized by mAb GSP200.1. The 200.1 epitope is probably identical to IIB3 (3), a public epitope shared by DQ3.2 and some other DQ molecules. Although class II DQ molecules are heterodimers with a and ,B chains, the 1 chain determines the DQw3 specificity and related alloepitopes (8) . The DQ3.2 and DQ3.1,B alleles can also be distinguished by restriction fragment length polymorphisms, two-dimensional protein gel electrophoresig, and oligonucleotide hybridization (4, 6, 8, 9) . These methods have been widely used to highlight the strong association of the DQ3.2f3 gene with IDDM susceptibility (1-6, 9, 10 Oligonucleotide HybridizatiQn. The DQj3 locus-specific oligonucleotide probe (5'-GCCCTTAAACTGGTACACGA-AATCCT-3') and the DQ3.2 allele-specific oligonucleotide probe (5'-CGCCCGATACACCCCCACGTC-3') were endlabeled by polynucleotide kinase and 250 uCi of [y-32PIATP (specific activity 7000 Ci/mmol; 1 Ci = 37 GBq) and 49 units ofT4 polynucleotide kinase (New England Biolabs) per 500 ng of probe, to a specific activity of 109 cpm/,ug. After labeling, the oligonucleotides were passed through Sephadex G-50 in 0.lx SET (lx SET = 1% NaDodSO4, 5 mM EDTA/10 mM Tris HCl, pH 7.5). Genomic DNA was digested with Taq I restriction endonuclease and electrophoresed on 1% agarose gels at 40 V/cm for 16-18 hr. The gels were denatured, neutralized, and dried on Whatman 3MM filter paper. The gels were then soaked in water to remove the filter paper, prehybridized for 2 hr at 500C in 6x NET (0.5 m/0.18 M Tris HCI, pH 8.0/6 mM EDTA) containing tRNA (250 ,ug/ml), then hybridized for 3 hr at 50°C in 6x NET/10% (wt/vol) dextran sulfate/5 x Denhardt's solution/5 mM EDTA/0.1% NaDodSO4/0.05% Nonidet P-40 containing tRNA (250 jig/ml) and oligonucleotides (107 cpm/ml).
(1 x Denhardt's solution = 0.02% polyvinylpyrrolidone/0.02% Ficoll/0.02% bovine serum albumin.) Gels were washed in 6x SSC (lx SSC = 0.15 M NaCl/0.015 M sodium citrate, pH 7.0) twice for 10 with the in vitro-mutagenized DQ3.2 clones were transferred into a human B-lymphoblastoid cell line. The structure of the vector used is described in Fig. 1 . A cytomegalovirus immediate early gene enhancer/promoter was used to drive the HLA gene, which was inserted distal to a neomycin-resistance gene. Virus-producing cells were generated from these vectors with either the normal DQ3.2p gene or the in vitro-mutagenized DQ3.2(3 genes. Infection was carried out by coculturing 2 x 106 B-lymphoblastoid cells with 5 x 105 virus-producing fibroblasts for 24 hr, followed by expansion in the presence of G418 (1 mg/ml). Resistant cells were then analyzed by cytofluorometry with anti-HLA mAbs.
Analysis of the various DQ3.2f3 constructs expressed in a DQ2 homozygous B-lymphoblastoid cell line is shown in Fig.  3 . None of the antibodies to DQw3-related epitopes reacted with uninfected B-lymphoblastoid cells, while both the DQw3 and DQw3.2-specific mAb gave high levels of immunofluorescent reactivity on B-lymphoblastoid cells infected with DQ3.2p. We have also expressed the unmodified DQ3.2f3 gene in a DQ3.1 homozygous LCL with results comparable to those shown in Fig. 3 (Fig. 3) (1-7, 10); these results map the residue responsible for this specificity to codon 45 ofthe DQ3.1/3gene. This mutation did not alter reactivity with the DQw3-specific mAb IVD12, which indicates that the location of the DQw3 epitope is distinct from the TA10 (DQw7) and 200.1 epitopes. Levels of cell-surface expression of each of the mutant genes were comparable to the control levels, indicating that none ofthese point mutations prevented adequate dimer formation or expression. An oligonucleotide probe to the DNA sequence corresponding to seven codons ofDQ3.2 centered on codon 45 was used for hybridization to genomic DNA. As expected, this probe discriminated DQ3.1 from DQ3.2 (Fig. 4) and also failed to hybridize to DQ1 or DQ2 genes. As reported (10, 16) for probes corresponding to other DQ3 polymorphic sequences, such as at codon 57, therefore, such oligonucleotide hybridization serves as a useful marker for detection of putative susceptibility alleles in the population.
DISCUSSION
Among HLA DQB sequences, a glutamic acid residue at codon 45 is unique to DQ3.1 (5, 10) . The finding that this codon determines the TA10 (DQw7) epitope pinpoints the structural milieu around codon 45 as a likely site for immune recognition; this conclusion is supported by the finding that codon 45 is also critical for the DQ3.2 epitope. The demonstration, using site-directed mutagenesis and retroviral- The mutated DQ3.2p8 genes were introduced into the human lymphoblastoid cell line MAT (DQw2 homozygous) for these expression studies. The high level of DQw3 expression achieved in all cases indicates that an endogenous class II a chain was efficiently recruited for dimer formation and that the substitutions of variable residues at codons 13, 26, 45, and 57 did not interfere with this heterodimer formation. This DQ2 cell expressing the transfected DQ3.2,3 gene also provides an interesting model for IDDM immunogenetics: DR3/DR4 (DQ2/DQ3) heterozygous individuals have the highest relative risk for IDDM (18) , suggesting some synergy between the HLA genetic contributions of these two haplotypes. In the present study, expression of the transfected DQ3.2p gene implies heterodimer formation between the endogenous DQ2a chain and the inserted DQ3.2.3 chain.
Such DQ2a/DQ3.2f3 heterodimers have been detected in diabetic patients (19) , implying that these mixed dimers may represent a distinct immune recognition molecule that can contribute to the immune responsiveness of an individual and the immune cascade that leads to IDDM.
